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(54)  Electronic  timepiece  having  thermoelectric  element 

(57)  A  power  monitoring  circuit  for  monitoring  the 
voltage  of  a  booster  unit  for  boosting  generated  voltage 
of  a  thermoelectric  element  is  provided.  When  the  volt- 
age  of  the  booster  unit  becomes  lower  than  a  set  thresh- 
old  voltage,  operation  of  a  display  driving  circuit  is 
stopped  to  thereby  reduce  power  consumption  and  dis- 

sipation  of  the  stored  energy  of  a  storage  mechanism. 
The  stored  energy  remains  in  the  storage  mechanism 
and  therefore,  operation  of  the  timepiece  is  facilitate 
when  the  thermoelectric  element  temporarily  stops  gen- 
erating  power  and  the  power  generation  is  restarted 
thereafter. 
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Description 

[0001]  The  present  invention  relates  to  an  electronic 
timepiece  for  storing  energy  generated  by  a  thermoe- 
lectric  element  in  a  secondary  battery  and  operating  us- 
ing  generated  power  as  well  as  energy  of  the  secondary 
battery.  It  is  concerned  with  effective  use  of  generated 
power  in  accordance  with  power  conservation  and  has 
means  for  alerting  a  user  to  low  power  generation  or  de- 
ficiency  in  the  energy  of  the  secondary  battery. 
[0002]  Fig.  2  shows  a  view  of  a  structure  of  a  thermo- 
electric  element  used  in  a  conventional  electronic  time- 
piece  having  a  thermoelectric  element.  A  number  of  n- 
type  semiconductors  203  and  p-type  semiconductors 
204  are  installed  between  a  heat  absorbing  side  sub- 
strate  202  and  a  heat  radiating  side  substrate  201  .  The 
n-type  semiconductors  203  and  the  p-type  semiconduc- 
tors  204  are  alternately  and  electrically  connected  in  se- 
ries  by  electrodes  205  installed  at  the  heat  absorbing 
side  substrate  202  and  the  heat  radiating  side  substrate 
201  and  both  ends  of  the  element  are  provided  with  a 
respective  lead  206.  Heat  flows  through  the  n-type  sem- 
iconductors  203  and  the  p-type  semiconductors  204  in 
parallel. 
[0003]  The  heat  absorbing  side  substrate  202  is  ther- 
mally  coupled  with  a  rear  lid  of  the  electronic  timepiece 
which  is  in  touch  with  the  users  arm.  The  temperature 
of  the  users  arm  is  generally  higher  than  air  tempera- 
ture.  The  heat  radiating  side  substrate  201  is  thermally 
coupled  with  a  timepiece  case  radiating  heat  to  the  at- 
mosphere.  When  a  temperature  difference  is  caused 
between  the  heat  absorbing  side  substrate  292  and  the 
heat  radiating  side  substrate  201  ,  an  electromotive  force 
is  generated  by  the  Seebeck  effect. 
[0004]  Next,  an  explanation  will  be  given  of  the  con- 
stitution  of  the  conventional  electronic  timepiece  having 
the  thermoelectric  element,  with  reference  to  the  block 
diagram  of  Fig.  14.  Electromotive  force  generated  by  the 
thermoelectric  element  101,  having  a  structure  shown 
by  Fig.  2,  is  transmitted  to  a  booster  circuit  302.  The  emf 
is  boosted  by  the  booster  circuit  302  and  is  stored  in  a 
storage  mechanism  103.  Electric  energy  stored  in  the 
storage  mechanism  103  provides  the  power  source  for 
a  timepiece  unit  110.  The  timepiece  unit  110  is  consti- 
tuted  by:  an  oscillating  circuit  105,  using  quartz  having 
a  frequency  of  32  kHz  or  the  like;  a  frequency  dividing 
circuit  106,  for  dividing  the  oscillation  signal  into  a  signal 
having  a  period  of  1  Hz  and  so  on;  a  display  driving  cir- 
cuit  107,  for  driving  a  step  motor  for  display  in  accord- 
ance  with  a  divided  output;  and  a  display  unit  108  com- 
prising  the  step  motor,  a  wheel  train  and  display  hands. 
[0005]  According  to  the  conventional  electronic  time- 
piece  having  the  thermoelectric  element,  when  the  ther- 
moelectric  element  101  generates  electricity,  power 
consumption  of  the  timepiece  unit  110  is  supplied  by  en- 
ergy  from  the  thermoelectric  element  101  and  any  sur- 
plus  energy  is  stored  in  the  storage  mechanism  103. 
When  an  electromotive  force  is  not  provided  by  the  ther- 

moelectric  element  101,  the  storage  mechanism  103 
supplies  power  to  the  timepiece  unit  110.  Energy  held 
by  the  storage  mechanism  1  03  is  thus  reduced  and  the 
voltage  of  the  storage  mechanism  103  is  gradually  low- 

5  ered.  In  the  range  of  voltage  by  which  the  timepiece  can 
be  operated,  naturally  energy  necessary  for  operation 
of  the  timepiece  is  taken  out  from  the  storage  mecha- 
nism  103.  Further,  even  after  the  motor  is  stopped  and 
the  operation  of  the  timepiece  is  stopped,  a  certain  de- 

10  gree  of  current  flows  and  energy  from  the  storage  mech- 
anism  1  03  continues  to  be  discharged.  The  voltage  con- 
tinues  to  lower.  When  the  voltage  of  the  storage  mech- 
anism  103  drops  to  a  level  of  about  0.6  V  at  which  cur- 
rent  does  not  flow  to  the  timepiece  unit  110,  lowering  of 

is  the  voltage  is  stopped  and  the  voltage  is  then  substan- 
tially  maintained. 
[0006]  According  to  the  above-described  convention- 
al  electronic  timepiece  having  the  thermoelectric  ele- 
ment;  when  power  generation  of  the  thermoelectric  el- 

20  ement  is  stopped  for  a  long  period  of  time,  the  voltage 
of  the  storage  mechanism  is  lowered  to  about  0.6  V  and 
even  when  power  generation  by  the  thermoelectric  ele- 
ment  restarts  and  starts  to  charge  the  storage  mecha- 
nism,  an  extremely  long  time  period  is  needed  until  the 

25  voltage  reaches  about  1  .0  V  by  which  the  timepiece  can 
be  operated  normally.  Although  the  time  period  for  the 
voltage  to  reach  1  .0  V  is  dependent  on  the  power  gen- 
eration  capability  and  capacity  of  the  charge  mecha- 
nism;  when  the  charge  capacity  is  equal  to  an  amount 

30  for  operating  the  timepiece  for  six  months,  several  days 
are  required  for  the  voltage  to  reach  1  .0  V. 
[0007]  When  the  timepiece  is  detached  from  the  users 
arm  before  the  voltage  reaches  about  1.0  V,  the  time- 
piece  is  immediately  stopped  without  being  able  to  uti- 

35  lise  the  energy  of  the  storage  mechanism.  That  is,  in 
order  for  the  timepiece  to  continue  operating  even  when 
it  is  detached  from  the  users  arm,  power  generation  of 
the  thermoelectric  element  needs  to  continue  for  several 
days.  But,  it  is  highly  probable  that  the  power  generation 

40  is  interrupted  in  the  midst  of  this  power  generation. 
[0008]  In  addition  to  the  above,  there  is  a  request  for 
downsizing  and  thinning  an  electronic  timepiece  and 
downsizing  is  also  required  for  the  storage  mechanism. 
If  the  storage  mechanism  is  downsized,  the  amount  of 

45  energy  stored  in  the  storage  mechanism  is  reduced  and 
the  time  period  for  which  it  is  capable  of  maintaining  op- 
eration  of  the  timepiece  circuit  is  shortened.  Thus,  the 
probability  of  stoppage  of  the  timepiece  circuit  increas- 
es.  In  order  to  reduce  the  danger  of  stoppage  of  opera- 

so  tion,  power  consumption  of  the  timepiece  circuit  needs 
to  reduce  when  the  thermoelectric  element  does  not 
generate  electricity. 
[0009]  Further,  it  is  preferable  to  inform  the  user  of 
stoppage  of  power  generation  when  the  thermoelectric 

55  element  stops  generating  electricity.  It  is  also  preferable 
to  inform  a  user  when  the  remaining  amount  of  energy 
in  the  storage  mechanism  is  low.  It  is  preferable  to  carry 
out  the  display  in  a  mode  in  which  power  consumption 
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is  reduced  more  than  in  the  normal  display  mode. 
[001  0]  As  a  means  for  resolving  the  above-mentioned 
problems,  an  electronic  timepiece  having  a  thermoelec- 
tric  element  according  to  the  present  invention  compris- 
es:  a  thermoelectric  element,  a  storage  mechanism  for 
storing  an  electromotive  force  from  the  thermoelectric 
element  or  for  storing  a  power  produced  by  boosting  an 
output  from  the  thermoelectric  element  by  a  booster  cir- 
cuit,  an  oscillating  circuit,  a  frequency  dividing  circuit  or 
a  time  information  calculating  circuit,  a  display  driving 
circuit,  a  display  unit  and  in  addition  thereto,  a  power 
monitoring  circuit  for  monitoring  the  situation  of  at  least 
either  one  of  generated  power  and  stored  energy  by 
measuring  the  generated  voltage  or  current  of  the  ther- 
moelectric  element  or  the  output  voltage  or  current  of 
the  booster  circuit  or  the  voltage  of  the  storage  mecha- 
nism,  an  operation  stopping  circuit  or  a  display  drive 
controlling  circuit  for  controlling  operation  of  the  oscillat- 
ing  circuit  or  the  frequency  dividing  circuit  or  the  time 
information  calculating  circuit  of  the  display  driving  cir- 
cuit  by  a  detected  output  of  the  power  monitoring  circuit, 
in  which  when  the  power  monitoring  circuit  detects  stop- 
page  of  power  generation  by  the  thermoelectric  element 
or  a  deficiency  in  stored  energy  of  the  storage  mecha- 
nism,  in  order  to  reduce  power  consumed  in  the  elec- 
tronic  timepiece,  operation  of  the  oscillating  circuit,  the 
frequency  dividing  circuit  or  the  time  information  calcu- 
lating  circuit  or  the  display  driving  circuit  is  controlled  by 
an  ON/OFF  control  by  the  display  drive  controlling  circuit 
or  the  operation  stopping  circuit. 
[0011]  In  the  case  of  an  analog  display  timepiece  us- 
ing  motors,  a  wheel  train  and  hands  for  time  display,  and 
having  a  motor  for  the  hour  hand  and  the  minute  hand 
and  a  separate  motor  for  the  second  hand;  when  the 
power  monitoring  circuit  detects  a  deficiency  of  at  least 
either  one  of  the  generated  power  and  stored  energy, 
the  situation  is  informed  to  the  user  by  stopping  only  the 
motor  for  the  second  hand  and  power  consumption  is 
thus  reduced. 
[0012]  Further,  when  the  power  monitoring  circuit  de- 
tects  lowering  of  the  generated  power,  preferably  there 
is  provided  a  counting  circuit  for  counting  the  time  period 
duration  of  the  power  generation.  When  there  is  no  pow- 
er  generation  for  a  long  period  of  time,  operation  of  a 
timepiece  circuit  including  the  oscillating  circuit  is 
stopped  and  dissipation  of  the  battery  is  prevented. 
[0013]  Embodiments  of  the  present  invention  will  now 
be  described  by  way  of  further  example  only  and  with 
reference  to  the  accompanying  drawings,  in  which:- 
[0014]  Fig.  1  is  a  block  diagram  showing  a  first  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0015]  Fig.  2  is  a  view  of  a  structure  of  a  thermoelectric 
element  used  in  an  electronic  timepiece. 
[0016]  Fig.  3  is  a  blockdiagram  showing  a  second  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0017]  Fig.  4  is  a  blockdiagram  showing  another  em- 

bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0018]  Fig.  5  is  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 

5  lectric  element  according  to  the  present  invention. 
[001  9]  Fig.  6  is  a  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0020]  Fig.  7  is  a  block  diagram  showing  an  inner  con- 

10  stitution  of  a  time  correction  controlling  circuit  used  in 
the  embodiment  of  the  present  invention  of  Fig.  6. 
[0021]  Fig.  8  is  a  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 

is  [0022]  Fig.  9  is  a  view  showing  a  display  state  of  a 
display  unit  used  in  the  embodiment  of  Fig.  8. 
[0023]  Fig.  10  is  a  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 

20  [0024]  Fig.  11  is  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0025]  Fig.  12  is  a  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 

25  lectric  element  according  to  the  present  invention. 
[0026]  Fig.  13  is  a  block  diagram  showing  another  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention. 
[0027]  Fig.  14  is  a  block  diagram  showing  a  conven- 

30  tional  example. 
[0028]  Fig.  1  5  is  a  block  diagram  showing  an  embod- 
iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention. 
[0029]  Fig.  1  6  is  a  diagram  showing  a  relationship  be- 

35  tween  stored  energy  of  a  storage  mechanism  and  a  po- 
sition  of  stopping  an  indicating  hand  used  in  the  embod- 
iment  of  Fig.  15. 
[0030]  Figs.  17A-17E  show  diagrams  indicating  ex- 
amples  of  positions  for  stopping  indicating  hands  used 

40  in  the  embodiment  of  Fig.  15. 
[0031]  Figs.  18A-18B  show  views  of  examples  of  po- 
sitions  of  stopping  indicating  hands  used  in  another  em- 
bodiment  of  Fig.  15. 
[0032]  Fig.  19  is  a  block  diagram  showing  another  em- 

45  bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention,  and 
[0033]  Figs.  20A-20B  show  views  indicating  exam- 
ples  of  time  display  used  in  the  embodiment  of  Fig.  1  9. 
[0034]  An  explanation  will  be  given  of  a  first  embodi- 

50  ment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  1  . 
[0035]  The  thermoelectric  element  101  is  similar  to 
that  in  the  conventional  case  and  is  provided  with  a 

55  structure  shown  by  the  structural  view  of  Fig.  2.  In  re- 
spect  of  voltage  generated  by  the  thermoelectric  ele- 
ment  101  ;  in  the  case  in  which  a  material  of  Bi-Te-base 
is  used  for  the  n-type  semiconductors  203  and  the  p- 
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type  semiconductors  204  constituting  the  thermoelectric 
element  101,  the  number  of  the  p-type  and  the  n-type 
are  respectively  1000  and  a  temperature  difference  of 
2°C  is  provided  between  the  heat  absorbing  side  sub- 
strate  202  and  the  heat  radiating  side  substrate  201  ,  an 
output  of  about  0.8  V  is  provided  under  no  load.  How- 
ever,  when  load  is  connected,  the  voltage  is  lowered  to 
about  0.4  V. 
[0036]  The  generated  voltage  of  0.4  V  is  transmitted 
to  a  booster  circuit  1  02.  The  inside  of  the  booster  circuit 
102  is  divided  into  a  booster  unit  111  and  a  reverse  cur- 
rent  preventing  unit  112.  The  booster  unit  111  is  consti- 
tuted  by  a  charge  pump  using  a  condenser  or  by  using 
counter  electromotive  force  of  coil.  It  carries  out  boost- 
ing  of  about  4  times  and  provides  an  output  of  about  1  .5 
V.  The  output  of  1  .5  V  is  transmitted  to  and  stored  in  the 
storage  mechanism  103  via  the  reverse  current  prevent- 
ing  unit  112.  The  reverse  current  preventing  unit  112  is 
for  preventing  generation  of  wasteful  power  consump- 
tion  caused  by  reverse  flow  of  stored  energy  from  the 
storage  mechanism  103  to  the  booster  unit  111  when 
the  thermoelectric  element  101  does  not  generate  elec- 
tricity. 
[0037]  As  the  storage  mechanism  103,  although,  for 
example,  a  lithium  secondary  battery,  a  carbon-lithium 
secondary  battery,  a  vanadium-lithium  secondary  bat- 
tery  or  a  large  capacity  condenser  of  an  electric  double 
layer  condenser  or  the  like  can  be  used;  in  this  case,  a 
lithium  secondary  battery  of  1  .5  V  series  is  used. 
[0038]  The  timepiece  unit  1  1  0  is  provided  with  a  con- 
stitution  similar  to  that  in  the  conventional  example  and 
comprises:  the  oscillating  circuit  105;  the  frequency  di- 
viding  circuit  1  06;  the  display  driving  circuit  1  07,  for  driv- 
ing  a  step  motor  for  display;  and  the  display  unit  108, 
which  comprises  step  motors,  a  wheel  train  and  display 
hands.  The  storage  mechanism  1  03  is  connected  to  the 
timepiece  unit  110  to  act  as  the  power  source  therefor 
and  energy  is  supplied  from  the  storage  mechanism  1  03 
to  the  timepiece  unit  110  even  when  the  thermoelectric 
element  101  does  not  generate  electricity.  When  suffi- 
cient  energy  is  charged,  the  storage  mechanism  103  is 
provided  with  a  voltage  of  about  1  .5  V  by  which  the  time- 
piece  unit  110  is  operated  and  time  is  displayed.  In  this 
embodiment,  the  time  unit  110  is  designed  to  operate  at 
about  0.9  V  or  higher. 
[0039]  When  the  timepiece  is  not  mounted  on  the  us- 
ers  arm,  heat  is  not  conducted  to  the  heat  absorbing  side 
substrate  202  of  the  thermoelectric  element  101.  There- 
fore,  no  electromotive  force  is  generated  at  the  thermo- 
electric  element  101.  Power  to  the  booster  unit  111  is 
absent  and  a  power  monitoring  circuit  1  04  compares  the 
output  from  the  booster  unit  111  with  a  threshold  voltage. 
The  threshold  voltage  is  generated  inside  of  the  power 
monitoring  circuit  104  and  is  set  to,  for  example,  0.9  V. 
When  the  output  of  unit  111  is  determined  to  be  equal 
to  or  lower  than  the  threshold  voltage,  the  power  moni- 
toring  circuit  1  04  outputs  a  signal  to  a  display  drive  con- 
trolling  circuit  109.  The  display  drive  controlling  circuit 

109  cuts  the  power  source  of  the  display  driving  circuit 
1  07  or  forcibly  switches  an  output  driver  to  an  OFF  state 
to  thereby  stop  operation  of  the  display  driving  circuit 
107.  Thus,  the  step  motors  included  in  the  display  unit 

5  1  08  are  also  stopped  and  a  second  hand,  a  minute  hand 
an  hour  hand  connected  to  the  motors  by  the  wheel  train 
are  also  stopped.  Thereby,  consumed  current  is  re- 
duced,  dissipation  of  energy  of  the  storage  mechanism 
103  is  reduced,  the  voltage  of  the  storage  mechanism 

10  1  03  can  be  maintained  at  about  1.0  V  with  high  proba- 
bility  and  danger  of  exhausting  the  energy  of  the  storage 
mechanism  103  can  be  extremely  reduced. 
[0040]  Thereafter,  when  the  timepiece  is  mounted 
again  on  the  users  arm,  the  thermoelectric  element  101 

is  starts  generating  electricity.  When  the  output  from  the 
booster  unit  111  exceeds  0.9  V,  the  power  monitoring 
circuit  104  instructs  the  display  drive  controlling  circuit 
1  09  to  release  stoppage  of  operation  of  the  display  driv- 
ing  circuit  1  07  and  operation  of  the  timepiece  is  restart- 

20  ed.  Further,  electricity  is  charged  from  the  thermoelec- 
tric  element  to  the  storage  mechanism  103.  When  the 
storage  mechanism  103  is  exhausted,  a  long  period  of 
time  is  needed  to  charge  the  storage  mechanism  1  03  to 
the  voltage  of  1.0  V  by  which  the  timepiece  unit  110  can 

25  be  operated.  However,  the  possibility  of  exhausting  the 
storage  mechanism  1  03  is  extremely  small  according  to 
the  constitution  of  Fig.  1  and  operation  of  the  timepiece 
can  immediately  be  started. 
[0041]  Although  the  power  monitoring  circuit  104car- 

30  ries  out  generation  of  the  threshold  voltage  and  voltage 
comparison,  consumption  of  current  is  normally  com- 
paratively  large  in  these  operations  and  there  is  a  case 
in  which  these  operations  are  intermittently  carried  out 
at  pertinent  time  intervals  to  reduce  power  consumption. 

35  [0042]  In  the  case  in  which  the  number  of  the  n-type 
semiconductors  203  and  the  p-type  semiconductors 
204  of  the  thermoelectric  element  101  are  respectively 
2500  and  a  temperature  difference  of  2°C  is  provided 
between  the  heat  absorbing  substrate  202  and  the  heat 

40  radiating  side  substrate  201  ;  and  output  of  about  2  V  is 
obtained  under  no  load.  The  storage  mechanism  103 
can  be  charged  to  1.5  V  or  higher  without  using  the 
booster  circuit  102  and  the  booster  circuit  102  can  be 
omitted. 

45  [0043]  An  explanation  will  be  given  of  a  second  em- 
bodiment  of  an  electronic  timepiece  having  a  thermoe- 
lectric  element  according  to  the  present  invention  with 
reference  to  the  block  diagram  of  Fig.  3.  The  same  nu- 
merals  are  used  for  portions  which  are  the  same  as 

so  those  in  Fig.  1  and  an  explanation  thereof  will  be  omit- 
ted.  The  booster  circuit  302  is  similar  to  the  booster  cir- 
cuit  102  of  Fig.  1  and  is  provided  with  the  booster  unit 
111  and  the  reverse  current  preventing  unit  112.  Al- 
though  the  timepiece  unit  110  is  also  similar  to  that  in 

55  Fig.  1;  as  the  power  source  for  the  timepiece  unit  110, 
the  higher  output  of  either  of  the  output  from  the  booster 
circuit  302  and  the  output  from  the  storage  mechanism 
103  is  selected  and  supplied  by  a  switch  mechanism 

4 
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311.  The  switch  mechanism  311  is  constituted  by  a  di- 
ode  or  a  transistor  switch  and  a  voltage  comparator.  The 
power  monitoring  circuit  1  04  monitors  the  output  voltage 
from  the  storage  mechanism  103  which  is  compared 
with  the  threshold  voltage  generated  inside  the  power 
monitoring  circuit  104  and  set  to,  for  example,  1.0  V. 
When  the  output  voltage  is  equal  to  or  lower  than  the 
threshold  voltage,  the  voltage  monitoring  circuit  104  out- 
puts  a  signal  to  the  display  drive  controlling  circuit  109 
and  the  display  drive  controlling  circuit  109  stops  oper- 
ation  of  the  display  driving  circuit  107. 
[0044]  By  this  constitution,  when  the  energy  of  the 
storage  mechanism  1  03  is  reduced,  the  display  drive  cir- 
cuit  107  stops  operating,  consumed  current  is  reduced, 
the  voltage  of  the  storage  mechanism  103  is  lowered 
extremely  gradually  at  1.0  V  or  lower  and  accordingly, 
the  possibility  of  exhausting  the  storage  mechanism  1  03 
is  extremely  small. 
[0045]  Thereafter,  when  the  timepiece  is  again 
mounted  on  the  users  arm  and  the  thermoelectric  ele- 
ment  101  starts  generating  power,  the  storage  mecha- 
nism  1  03  is  charged.  The  output  from  the  booster  circuit 
302  is  transmitted  to  the  timepiece  unit  110  and  the  time- 
piece  restarts  operation.  Accordingly,  even  when  the 
timepiece  is  again  detached  thereafter,  the  operation  of 
the  timepiece  can  be  maintained  by  the  energy  of  the 
storage  mechanism  1  03  and  the  timepiece  can  be  pre- 
vented  from  frequently  stopping  operation. 
[0046]  An  explanation  will  be  given  of  another  embod- 
iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  4. 
[0047]  The  same  numerals  are  used  for  portions 
which  are  the  same  as  those  in  Fig.  1  and  Fig.  3  and  an 
explanation  thereof  will  be  omitted.  As  the  power  source 
of  the  timepiece  unit  110,  the  higher  output  of  either  of 
the  output  from  the  booster  circuit  302  and  the  output 
from  the  storage  mechanism  103  is  selected  and  sup- 
plied  by  the  switch  mechanism  31  1  .  The  power  monitor- 
ing  circuit  104  monitors  output  voltage  from  the  switch 
mechanism  311  which  is  compared  with  the  threshold 
voltage  generated  inside  the  power  monitoring  circuit 
1  04  and  set  to,  for  example,  1.0  V.  When  the  output  volt- 
age  becomes  equal  to  or  lower  than  the  threshold  volt- 
age,  the  power  monitoring  circuit  104  outputs  a  signal 
to  the  display  drive  controlling  circuit  1  09  and  the  display 
drive  controlling  circuit  109  stops  operation  of  the  dis- 
play  driving  circuit  107. 
[0048]  In  this  arrangement,  the  energy  of  the  storage 
mechanism  103  is  reduced,  operation  of  the  display 
driving  circuit  107  is  stopped  when  power  generation  of 
the  thermoelectric  element  101  is  stopped,  consumed 
current  is  reduced  and  a  possibility  by  which  the  voltage 
of  the  storage  mechanism  1  03  becomes  equal  to  or  low- 
er  than  1.0  V  and  the  storage  mechanism  103  is  ex- 
hausted  is  extremely  small. 
[0049]  Thereafter,  when  the  timepiece  is  again 
mounted  on  the  users  arm  and  the  thermoelectric  ele- 

ment  101  starts  generating  power,  the  output  from  the 
booster  circuit  302  is  transmitted  to  the  timepiece  unit 
110,  the  timepiece  immediately  restarts  operation  and 
the  storage  mechanism  1  03  is  charged.  Therefore,  even 

5  when  the  timepiece  is  detached  thereafter,  the  operation 
of  the  timepiece  can  be  maintained  by  the  energy  of  the 
storage  mechanism  103  and  the  timepiece  can  be  pre- 
vented  from  frequently  stopping  operation. 
[0050]  An  explanation  will  be  given  of  another  embod- 

10  iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  5.  The  same  numerals 
are  used  for  portions  which  are  the  same  as  those  in 
Fig.  1  and  Fig.  3  and  an  explanation  thereof  will  be  omit- 

15  ted.  Fig.  5  shows  a  constitution  in  which  in  place  of  stop- 
ping  the  display  as  in  Fig.  4,  oscillation  operation  at  pre- 
vious  stages  is  stopped.  The  output  voltage  from  the 
switch  mechanism  311  is  monitored  by  the  power  mon- 
itoring  circuit  104  and  when  the  power  source  voltage 

20  becomes  equal  to  or  lower  than  the  threshold  voltage, 
an  operation  stopping  circuit  509  cuts  the  power  source 
of  the  oscillating  circuit  1  05  and  at  the  same  time  resets 
the  frequency  dividing  circuit  106. 
[0051]  Thereby,  operation  of  the  display  unit  108  is  al- 

25  so  stopped.  In  this  case,  compared  with  the  example  of 
Fig.  1  ,  although  time  delay  from  when  stoppage  opera- 
tion  of  the  operation  stopping  circuit  509  is  released  to 
when  the  operation  of  the  display  unit  108  is  recovered 
is  prolonged,  current  consumed  in  stopping  the  opera- 

30  tion  is  reduced  and  energy  dissipation  of  the  storage 
mechanism  103  can  further  be  reduced. 
[0052]  Operation  can  also  be  stopped  by  maintaining 
the  operation  of  oscillating  circuit  1  05  and  controlling  on- 
ly  the  resetting  operation  of  the  frequency  dividing  circuit 

35  1  06. 
[0053]  Next,  an  explanation  will  be  given  of  another 
embodiment  of  the  present  invention  with  reference  to 
the  block  diagrams  of  Fig.  6  and  Fig.  7.  The  same  nu- 
merals  are  used  for  portions  which  are  the  same  as 

40  those  in  Fig.  4  and  an  explanation  thereof  will  be  omit- 
ted.  There  is  provided  a  time  correction  controlling  cir- 
cuit  601  other  than  the  constituent  elements  of  Fig.  4. 
The  constitution  of  inside  of  the  time  correction  control- 
ling  circuit  601  is  shown  in  Fig.  7,  which  is  constituted 

45  by  a  time  difference  counter  701  and  a  pulse  switching 
circuit  702.  The  time  difference  counter  701  for  meas- 
uring  a  time  difference  of  1  2  hours  at  maximum  is  reset 
during  a  time  period  in  which  the  display  driving  circuit 
1  07  is  operated  normally  and  counting  is  stopped.  How- 

50  ever,  when  the  display  driving  circuit  1  07  is  stopped,  the 
time  difference  counter  701  counts  up  each  second 
pulse  transmitted  from  the  pulse  switching  circuit  702 
and  measures  a  stoppage  duration  time  period  of  the 
display  driving  circuit  1  07  by  a  unit  of  a  second.  Howev- 

55  er,  although  in  this  case,  this  is  a  counter  which  is  reset 
to  0  at  each  12  hours  and  therefore,  a  difference  be- 
tween  morning  and  afternoon  or  a  difference  in  a 
number  of  days  cannot  be  recognised,  an  error  of  posi- 
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tions  of  time  indicating  hands  from  those  of  correct  time 
can  be  counted. 
[0054]  Thereafter,  when  stoppage  of  the  display  driv- 
ing  circuit  107  is  released,  in  place  of  a  signal  of  1  Hz 
used  for  normal  time,  a  signal  of  16  Hz  is  added  from 
the  pulse  switching  circuit  702  to  the  display  driving  cir- 
cuit  107.  Thus,  abnormal  operation  is  commenced  for 
moving  the  second  hand  once  a  second  with  a  fast  feed 
operation  of  moving  it  by  16  steps  per  second.  In  these 
circumstances,  simultaneously  with  the  counting  up  op- 
eration  by  the  second  pulses,  the  time  difference  coun- 
ter  701  is  counted  down  by  1/16  second  pulses  of  the 
fast  feed.  By  such  an  operation,  the  time  difference 
counter  701  is  nullified  and  at  the  time  point  of  null,  the 
signal  of  16  Hz  added  to  the  display  driving  circuit  107 
is  recovered  to  the  signal  of  1  Hz.  That  is,  normal  oper- 
ation  is  resumed  and  the  time  correcting  operation  of 
the  time  correction  controlling  circuit  601  is  finished. 
Thus,  the  indicating  hands  indicate  correct  time  and  time 
and  labour  for  resetting  time  can  be  omitted. 
[0055]  Further,  in  respect  of  time  correction,  pertinent 
time  correction  can  be  carried  out  other  than  by  the 
above-described  method  of  fast  feeding.  Alternatives 
are  a  method  in  which  the  indicating  hands  are  reversely 
rotated,  a  method  in  which  stoppage  is  continued  until 
time  is  corrected,  a  method  in  which  hand  feeding  is  de- 
layed  by  feeding  by  one  step  per  2  seconds,  one  step 
per  5  seconds  or  the  like,  or  combinations  of  these. 
[0056]  Fig.  8  is  a  block  diagram  showing  still  another 
embodiment  of  the  present  invention.  The  same  numer- 
als  are  used  for  portions  which  are  the  same  as  those 
in  the  above-described  block  diagrams  and  an  explana- 
tion  thereof  will  be  omitted.  A  timepiece  unit  810  is  con- 
stituted  by  the  oscillating  circuit  105,  a  time  information 
calculating  circuit  806,  a  display  driving  circuit  807  and 
a  display  unit  808  by  digital  display  and  the  time  infor- 
mation  calculating  circuit  806  calculates  and  holds  at 
least  hour  and  minute  information  of  current  time.  Oth- 
erwise,  a  constitution  dealing  with  second,  morning/af- 
ternoon,  day  of  week,  day,  month  and  year  information 
is  feasible.  Fig.  9  shows  an  example  in  which  1  0  o'clock, 
23  minutes,  38  seconds  is  displayed  by  7  segments  dis- 
play  and  as  a  display  method  other  than  the  above-de- 
scribed,  a  display  schematically  showing  analog  display 
by  display  hands  is  also  feasible.  As  display  devices,  a 
liquid  crystal  display,  an  LED  (light  emitting  diode)  dis- 
play  and  so  on  are  used.  The  power  monitoring  circuit 
1  04  monitors  power  source  voltage  of  the  timepiece  unit 
810  and  when  the  power  source  voltage  becomes  equal 
to  or  lower  than  a  threshold  value,  the  display  drive  con- 
trolling  circuit  109  cuts  the  power  source  of  the  display 
driving  circuit  807  or  forcibly  switches  an  output  driver 
to  an  OFF  state,  operation  of  the  display  driving  circuit 
807  is  stopped  and  display  of  the  display  unit  808  is  ex- 
tinguished.  However,  the  time  information  calculating 
circuit  806  continues  operating  and  time  information  is 
continued  being  counted  accurately.  Accordingly,  when 
the  power  source  voltage  of  the  timepiece  unit  810  is 

recovered  and  the  power  monitoring  circuit  1  04  and  the 
display  drive  controlling  circuit  109  release  stoppage  of 
operation  of  the  display  driving  circuit  807,  correct  time 
is  displayed  at  the  display  unit  808. 

5  [0057]  Fig.  10  shows  an  embodiment  according  to  the 
present  invention  having  a  constitution  in  which  the  op- 
eration  of  the  oscillating  circuit  1  05  or  the  time  informa- 
tion  calculating  circuit  806  is  stopped  by  using  an  oper- 
ation  stopping  circuit  1009  in  place  of  the  display  drive 

10  controlling  circuit  109  of  Fig.  8.  The  display  unit  808  of 
Fig.  10  uses  a  digital  display  similar  to  Fig.  8,  the  power 
source  voltage  of  the  timepiece  unit  810  is  monitored  by 
the  power  monitoring  circuit  104  and  when  the  power 
source  voltage  becomes  equal  to  or  lower  than  the 

is  threshold  value,  the  operation  stopping  circuit  1  009  cuts 
the  power  source  of  the  oscillating  circuit  105  or  stops 
operation  of  the  time  information  calculating  circuit  806. 
Thereby,  display  of  the  display  unit  808  is  extinguished. 
In  this  case,  compared  with  the  example  of  Fig.  8,  al- 

20  though  time  resetting  is  needed  since  time  information 
is  extinguished,  consumed  current  in  stopping  the  oper- 
ation  can  be  reduced  and  energy  dissipation  of  the  stor- 
age  mechanism  103  can  be  reduced. 
[0058]  Further,  a  constitution  can  be  provided  in  which 

25  two  threshold  values  of  the  power  monitoring  circuit  1  04 
are  provided,  the  display  driving  circuit  807  is  stopped 
at  the  time  point  at  which  the  power  source  voltage  of 
the  timepiece  unit  810  becomes  equal  to  or  lower  than 
a  higher  one  of  the  threshold  values.  When  the  voltage 

30  is  further  lowered  to  be  equal  to  or  lower  than  a  lower 
one  of  the  threshold  values,  operation  of  the  oscillating 
circuit  1  05  or  the  time  information  calculating  circuit  806 
is  stopped. 
[0059]  An  explanation  will  be  given  of  another  embod- 

35  iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  1  1  .  The  same  numerals 
are  used  for  portions  which  are  the  same  as  those  in  the 
above-described  block  diagrams  and  an  explanation 

40  thereof  will  be  omitted.  The  generated  output  from  the 
thermoelectric  element  101  is  boosted  by  the  booster 
circuit  302  and  the  output  from  the  booster  circuit  302  is 
transmitted  and  stored  in  the  storage  mechanism  103. 
A  timepiece  unit  1110  is  constituted  by  the  oscillating 

45  circuit  105,  the  frequency  dividing  circuit  106,  a  motor 
driving  circuit  1  1  07,  a  first  motor  1  1  08,  a  second  motor 
1  1  09  and  a  wheel  train  and  display  hands  connected  to 
these  motors.  It  operates  as  a  three  hands  timepiece  in 
which  an  hour  hand,  a  minute  hand  and  a  second  hand 

so  are  normally  rotated  concentrically.  As  the  power  source 
of  the  timepiece  unit  1110,  a  higher  output  of  either  of 
the  output  from  the  booster  circuit  302  and  the  output 
from  the  storage  mechanism  1  03  is  supplied  by  a  diode 
or  a  transistor  switch  of  the  switching  mechanism  311. 

55  The  power  monitoring  circuit  104  monitors  the  power 
source  voltage  of  the  timepiece  unit  1  1  1  0  and  transmits 
signals  to  a  second  hand  position  controlling  circuit  1  1  05 
and  a  motor  drive  controlling  circuit  11  06  when  the  pow- 
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er  source  voltage  becomes  equal  to  or  lower  than  a  set 
threshold  value  and  the  motor  drive  controlling  circuit 
1  1  06  controls  operation  of  the  motor  driving  circuit  1  1  07. 
[0060]  The  first  motor  1  1  08  is  a  motor  for  moving  the 
hour  hand  and  the  minute  hand.  It  is  normally  operated 
by  one  step  per  20  seconds  and  thus  displays  accurate 
hourand  minute  information.  The  second  motor  1109  is 
a  motor  exclusive  for  the  second  hand  and  operation/ 
stoppage  thereof  is  controlled  as  necessary.  In  a  normal 
state  in  which  the  power  source  voltage  of  the  timepiece 
unit  1110  is  equal  to  or  larger  than  the  threshold  value, 
the  second  hand  displays  accurately  seconds  informa- 
tion  and  is  rotated  by  one  step  per  second.  Next,  when 
the  power  source  voltage  of  the  timepiece  unit  1110  be- 
comes  equal  to  or  lower  than  the  set  threshold  value, 
the  power  monitoring  circuit  1  04  transmits  voltage  drop 
signals  to  the  second  hand  position  controlling  circuit 
1105  and  the  motor  drive  controlling  circuit  1106,  the 
second  hand  position  controlling  circuit  1105  prepares 
for  stopping  the  second  motor  1109  and  soon  the  sec- 
ond  hand  stops  in  the  1  2  o'clock  direction  at  a  reference 
second  position.  Thereafter,  when  the  power  source 
voltage  of  the  timepiece  unit  1  1  1  0  is  recovered,  the  sec- 
ond  hand  position  controlling  circuit  1105  prepares  for 
moving  the  second  motor  1  1  09  and  after  a  while,  move- 
ment  of  the  hand  is  restarted  and  correct  seconds  infor- 
mation  is  displayed. 
[0061]  Next,  a  detailed  explanation  will  be  given  of  op- 
eration  of  the  second  hand  position  controlling  circuit 
1  1  05.  The  second  hand  position  controlling  circuit  1  1  05 
is  provided  with  a  second  difference  counter  of  60-adic 
and  a  hand  position  counter  of  60-adic  and  in  a  normal 
state  in  which  the  second  motor  1  1  09  carries  out  second 
display,  the  second  difference  counter  is  reset  and  main- 
tains  count  0.  Meanwhile,  the  hand  position  counter 
counts  each  second  pulse  and  counts  a  display  position 
of  the  second  hand.  When  a  voltage  lowering  signal  is 
applied  from  the  power  monitoring  circuit  104,  normal 
movement  of  the  hand  is  continued  until  the  hand  posi- 
tion  counter  becomes  0.  When  the  hand  position  coun- 
ter  becomes  0  and  the  second  hand  is  disposed  at  the 
reference  second,  the  operation  of  the  motor  driving  cir- 
cuit  1107  in  respect  of  the  second  motor  119  is  stopped 
via  the  motor  drive  controlling  circuit  1  1  06  and  the  sec- 
ond  hand  is  stopped.  When  resetting  of  the  second  dif- 
ference  counter  is  released,  counting  of  each  second 
pulse  is  started.  Thereby,  the  second  difference  counter 
counts  a  difference  between  correct  second  and  the 
second  hand  position.  When  the  power  source  voltage 
of  the  timepiece  unit  1110  is  recovered  and  the  voltage 
lowering  signal  from  the  power  monitoring  circuit  1  04  is 
not  supplied,  counting  of  the  second  difference  counter 
is  continued  while  stopping  the  second  hand.  Further, 
when  the  second  difference  counter  becomes  null, 
movement  of  the  second  motor  1  1  09  is  restarted,  count- 
ing  of  the  hand  position  counter  is  also  restarted,  the 
second  difference  counter  is  reset  and  counting  is 
stopped.  Thereby,  the  second  hand  displays  correct 

time.  As  a  method  of  correcting  the  second  hand,  as  al- 
ternatives  to  the  above-described  method  of  awaiting 
the  correct  time,  a  time  period  from  recovery  of  the  pow- 
er  source  voltage  to  starting  to  move  the  motor  and  a 

5  time  period  of  correcting  the  second  hand  can  be  short- 
ened  by  reversely  rotating  the  second  hand,  by  feeding 
the  second  hand  fastly  by  8  steps  per  second,  by  feeding 
the  second  hand  slowly  by  one  step  per  2  seconds,  or 
by  combining  them. 

10  [0062]  In  this  way,  when  the  power  source  voltage  is 
lowered,  by  stopping  the  second  hand  at  the  reference 
second,  a  user  is  informed  of  the  fact  that  the  energy  of 
the  storage  mechanism  103  is  dissipated  and  that  it  is 
expedited  to  consciously  increase  the  power  generation 

is  amount  of  the  thermoelectric  element  101.  Simultane- 
ously  therewith,  by  stopping  the  second  hand,  power 
consumption  can  be  saved.  When  the  above-described 
operation  is  not  normally  operated,  in  almost  all  cases, 
the  second  hand  is  stopped  at  a  position  other  than  the 

20  reference  second  and  a  user  is  thus  informed  of  abnor- 
mality  and  that  it  is  expedited  to  deal  with  it  pertinently. 
[0063]  Further,  there  can  be  provided  a  constitution  in 
which  the  power  monitoring  circuit  104  monitors  both  of 
the  output  voltage  of  the  booster  circuit  302  and  the  volt- 

25  age  of  the  storage  mechanism  103  separately.  When 
the  output  voltage  of  the  booster  circuit  102  is  lowered, 
the  second  hand  is  stopped  in  the  12  o'clock  direction 
and  at  the  reference  second  position.  When  the  voltage 
of  the  storage  mechanism  103  is  lowered,  the  second 

30  hand  is  stopped  in  the  6  o'clock  direction.  Thereby,  the 
power  generation  and  electricity  storage  situation  can 
be  informed  to  a  user  in  a  finely  specified  manner. 
[0064]  Further,  there  can  be  provided  a  constitution  in 
which  three  stages  of  an  amount  of  storing  electricity 

35  are  detected  in  accordance  with  the  voltage  of  the  stor- 
age  mechanism  103.  When  the  amount  of  storing  elec- 
tricity  is  small,  the  second  hand  is  stopped  in  the  12 
o'clock  direction.  When  the  amount  of  storing  electricity 
is  medium,  the  second  hand  is  stopped  in  the  3  o'clock 

40  direction.  When  the  amount  of  storing  electricity  is  large, 
the  second  hand  is  stopped  in  the  6  o'clock  direction. 
These  constitutions  are  also  included  in  the  present  in- 
vention. 
[0065]  An  explanation  will  be  given  of  another  embod- 

45  iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  12.  The  generated 
power  from  the  thermoelectric  element  101  is  boosted 
by  the  booster  circuit  302  and  the  output  from  the  boost- 

so  er  circuit  302  is  transmitted  and  stored  to  the  storage 
mechanism  1  03.  A  timepiece  unit  1210  carries  out  time 
display  by  an  oscillating  circuit  1205,  a  frequency  divi- 
sion  circuit  /  a  time  information  calculating  circuit  1  206, 
a  display  driving  circuit  1207  and  a  display  unit  1208.  A 

55  higher  output  of  either  of  the  output  from  the  booster 
circuit  302  and  the  output  from  the  storage  mechanism 
103  is  supplied  by  a  diode  or  a  transistor  switch  of  the 
switching  mechanism  31  1  as  the  power  source.  The  out- 
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put  voltage  of  the  switching  mechanism  311  is  moni- 
tored  by  the  power  monitoring  circuit  1  04.  When  the  out- 
put  voltage  is  equal  to  or  lower  than  a  set  threshold  val- 
ue,  a  duration  time  period  of  voltage  lowering  is  meas- 
ured  by  a  counting  circuit  1  21  1  .  When  the  duration  time  s 
period  reaches  a  constant  time  period,  for  example,  one 
week,  an  operation  stopping  circuit  1209  stops  opera- 
tion  of  the  oscillating  circuit  1  205  or  the  frequency  divid- 
ing  circuit  /  the  time  information  calculating  circuit  1  206 
or  the  display  driving  circuit  1207.  10 
[0066]  By  such  a  constitution,  when  the  timepiece  is 
not  mounted  on  the  users  arm  for  a  long  period  of  time 
and  no  power  is  output  from  the  thermoelectric  element 
1201  ,  it  is  determined  that  the  timepiece  is  not  used  for 
a  while,  operation  of  the  timepiece  unit  1  21  0  is  stopped  15 
and  wasteful  energy  dissipation  of  the  storage  mecha- 
nism  103  is  prevented. 
[0067]  Further,  as  a  variation  of  the  above-described 
embodiment,  there  can  be  provided  a  constitution  in 
which  when  the  output  from  the  booster  circuit  is  low-  20 
ered,  as  in  the  embodiment  of  Fig.  1  1  ,  the  second  hand 
is  stopped,  so  that  only  hour  and  minute  hands  display 
is  carried  out,  when  lowering  of  the  output  from  the 
booster  circuit  continues  for  a  long  period  of  time,  the 
frequency  dividing  circuit  is  also  stopped  or  a  period  of  25 
intermittent  operation  of  voltage  monitoring  by  the  pow- 
er  monitoring  circuit  is  prolonged  to  minimise  power  con- 
sumption. 
[0068]  An  explanation  will  be  given  of  another  embod- 
iment  of  the  present  invention  with  reference  to  the  block  30 
diagram  of  Fig.  1  3.  The  same  numerals  are  used  for  por- 
tions  which  are  the  same  as  those  in  the  above-de- 
scribed  block  diagrams  and  an  explanation  thereof  will 
be  omitted.  In  this  case,  a  frequency  division  resetting 
mechanism  1  301  is  added  to  the  constitution  of  Fig.  1  2.  35 
When  a  situation  in  which  the  resetting  mechanism  1301 
is  operated  and  the  output  from  the  booster  circuit  302 
is  lower  continues  for  a  constant  time  period,  for  exam- 
ple,  10  minutes;  the  operation  of  the  oscillating  circuit 
1  205  of  a  timepiece  unit  1310  is  stopped.  40 
[0069]  The  resetting  mechanism  1301  is  operated 
when  a  crown  used  in  correcting  hands  is  pulled  out  and 
the  hour  hand,  the  minute  hand  and  the  second  hand 
are  stopped.  The  resetting  mechanism  1  301  is  operated 
in  correcting  time,  time  correcting  is  finished  after  about  45 
1  minute  and  resetting  is  released.  In  this  case,  when 
the  oscillating  circuit  1  205  is  also  stopped,  start  of  move- 
ment  of  the  hands  after  releasing  the  reset  state  is  re- 
tarded. 
[0070]  Meanwhile,  the  case  in  which  the  reset  mech-  so 
anism  1301  is  operated  for  a  long  time  period  and  no 
power  is  generated  from  the  thermoelectric  element 
101,  is  the  case  in  which  the  timepiece  is  not  used  for  a 
long  time  period;  for  example,  a  time  period  of  inventory 
between  fabrication  and  sale.  This  is  a  situation  in  which  55 
dissipation  of  the  storage  mechanism  1  03  is  intended  to 
be  minimised.  Therefore,  in  this  case,  a  control  is  carried 
out  such  that  operation  circuits  including  the  oscillating 

circuit  1205  and  the  power  monitoring  circuit  104  is 
stopped.  Power  consumption  is  reduced  and  operation 
of  a  timepiece  unit  1  31  0  and  the  power  monitoring  circuit 
104  is  restarted  when  the  crown  is  pushed  in  and  the 
resetting  mechanism  1301  is  not  operated.  Thereby,  a 
situation  in  which  the  energy  of  the  storage  mechanism 
1  03  is  exhausted  and  operation  of  the  timepiece  cannot 
be  restarted  after  a  long  period  of  preservation  can  be 
prevented. 
[0071]  An  explanation  will  be  given  of  another  embod- 
iment  of  an  electronic  timepiece  having  a  thermoelectric 
element  according  to  the  present  invention  with  refer- 
ence  to  the  block  diagram  of  Fig.  1  5. 
[0072]  Power  generated  by  the  thermoelectric  ele- 
ment  101  is  boosted  by  the  booster  circuit  302  and  is 
stored  in  the  storage  mechanism  1  03  as  boosted  power. 
The  higher  power  of  either  of  the  boosted  power  boosted 
by  the  booster  circuit  302  and  stored  power  stored  in  the 
storage  mechanism  1  03  is  supplied  by  a  diode  or  a  tran- 
sistor  switch  of  the  switch  mechanism  31  1  as  the  driving 
source  to  the  timepiece  unit  1110. 
[0073]  As  the  booster  circuit  302,  a  switched  capacitor 
system  for  repeating  action  of  generating  boosted  volt- 
age  by  charging  a  plurality  of  condensers  in  a  parallel 
connected  state  and  switching  the  respective  condens- 
ers  into  a  series  connection  by  switching  elements  or  a 
system  of  utilising  the  self  induction  current  of  a  coil, 
generated  by  opening  and  closing  current  flowing  in  a 
coil  by  a  switching  element,  is  suitable  in  downsizing  the 
circuit. 
[0074]  Further,  as  power  generating  means  other 
than  the  thermoelectric  element  1  01  ,  a  solar  cell,  a  gen- 
erator  of  a  system  using  electromagnetic  induction  or 
the  like,  a  piezoelectric  generator  and  so  on  can  also  be 
used. 
[0075]  As  an  electricity  storing  element  of  the  storage 
mechanism  103,  a  secondary  battery  of  a  nickel  hydro- 
gen  secondary  battery,  a  lithium  ion  secondary  battery, 
a  carbon  lithium  secondary  battery,  a  vanadium  lithium 
secondary  battery,  a  lithium  maganese  secondary  bat- 
tery  or  the  like  or  a  large  capacity  condenser  of  an  elec- 
tric  double  layer  condenser  or  the  like  can  be  used. 
[0076]  A  voltage  detecting  circuit  1  320  detects  boost- 
ed  power  boosted  by  the  booster  circuit  302,  compares 
it  with  0.  1  V  which  is  a  threshold  value  that  is  set  before- 
hand  in  the  voltage  detecting  circuit  1  320  and  outputs  a 
boosted  output  lowering  signal  to  the  power  monitoring 
circuit  1  04,  as  indicating  hand  position  controlling  circuit 
121  2  and  the  counting  circuit  1211  when  the  voltage  de- 
tecting  circuit  1320  detects  that  the  boosted  power  is 
less  than  0.1  V. 
[0077]  In  this  case,  although  an  explanation  has  been 
given  with  the  threshold  value  of  the  voltage  detection 
circuit  1320  as  0.1  V,  it  can  be  set  arbitrarily  within  the 
range  of  the  driving  power  source  voltage  of  the  time- 
piece  unit  1110. 
[0078]  By  the  boosted  output  lowering  signal  output 
from  the  voltage  circuit  1320,  the  power  monitoring  cir- 
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cuit  104  starts  operation  of  monitoring  the  stored  power 
of  the  stored  mechanism  1  03,  compares  it  with  a  plural- 
ity  of  threshold  values  that  are  set  beforehand  in  the 
power  monitoring  circuit  104,  sets  an  amount  of  stored 
power  stored  in  the  storage  mechanism  103  and  outputs  s 
a  stored  power  signal  to  the  indicating  hand  position 
controlling  circuit  1212.  This  operation  consumes  a 
comparatively  large  current  and  therefore,  the  operation 
may  be  carried  out  at  arbitrary  intervals. 
[0079]  The  counting  circuit  1211  initialises  itself  and  10 
starts  the  counting  operation  by  the  boosted  output  low- 
ering  signal  output  from  the  voltage  detecting  circuit 
1  320.  When  three  minutes  that  is  a  predetermined  value 
of  the  counting  circuit  1211  have  elapsed,  the  counting 
circuit  1211  stops  the  counting  operation  and  outputs  a  15 
counting  completion  signal  to  the  indicating  hand  posi- 
tion  controlling  circuit  1212.  In  this  case,  although  an 
explanation  has  been  given  with  a  counted  time  period 
of  the  counting  circuit  1211  as  three  minutes,  it  can  be 
set  to  an  arbitrary  time  period.  20 
[0080]  The  indicating  hand  position  controlling  circuit 
1212  prepared  for  operation  by  the  boosted  voltage  low- 
ering  signal  output  from  the  voltage  detecting  circuit 
1  320,  sets  a  stop  position  of  an  indicating  hand  1  330  by 
a  stored  power  signal  output  from  the  power  monitoring  25 
circuit  104  in  accordance  with  the  count  completion  sig- 
nal  output  from  the  counting  circuit  1211  and  starts  op- 
eration  of  outputting  a  stop  position  signal  of  the  indicat- 
ing  hand  1  330  to  a  motor  drive  controlling  circuit  1106. 
[0081]  The  motor  drive  controlling  circuit  1106  moves  30 
the  indicating  hand  1  330  and  stops  it  at  a  predetermined 
position  via  a  motor  driving  circuit  1107,  a  first  motor 
1  1  08  connected  to  the  motor  driving  circuit  1  1  07  and  a 
wheel  train  (not  illustrated)  connected  to  the  first  motor 
1108  by  the  stop  position  signal  of  the  indicating  hand  35 
1  330  output  from  the  indicating  hand  position  controlling 
circuit  1212.  In  this  case,  the  indicating  hand  1330  is  the 
second  hand. 
[0082]  An  explanation  will  be  given  of  a  relationship 
between  the  stored  power  of  the  storage  mechanism  40 
103  and  the  stop  position  of  the  indicating  hand  1330 
with  reference  to  Fig.  16.  Fig.  16  shows  a  discharge 
characteristic  of  a  lithium  secondary  battery  used  in  the 
storage  mechanism  103.  A  nominal  voltage  of  the  lithi- 
um  secondary  battery  of  the  storage  mechanism  1  03  is  45 
set  to  1.5  V,  a  capacity  calculated  from  between  the 
nominal  voltage  and  1.5  V  (which  is  an  example  of  a 
voltage  capable  of  sufficiently  driving  respective  motors 
of  the  first  motor  1  1  08  moving  the  indicating  hand  1  330 
and  a  second  motor  1109  moving  an  indicating  hand  so 
1331  different  from  the  indicating  hand  1330)  is  set  to 
100%.  Voltage  in  correspondence  with  100%,  80%, 
60%,  20%  and  0%  are  set  beforehand  to  the  power  mon- 
itoring  circuit  1  04  from  the  capacity  of  the  storage  mech- 
anism  103.  The  stop  position  of  the  indicating  hand  1330  55 
is  set  by  the  stored  power  of  the  storage  mechanism 
103.  In  the  case  of  a  voltage  in  correspondence  with  a 
section  in  which  the  stored  power  of  the  storage  mech- 

anism  103  exceeds  80%  and  is  equal  to  or  lower  than 
1  00%,  the  indicating  hand  1  330  is  stopped  at  a  position 
of  30  seconds,  in  the  case  of  voltage  in  correspondence 
with  a  section  in  which  the  stored  power  exceeds  60% 
and  is  equal  to  or  lower  than  80%,  the  indicating  hand 
1  330  is  stopped  at  a  position  of  20  seconds.  In  the  case 
of  a  voltage  in  correspondence  with  a  section  in  which 
the  stored  power  exceeds  20%  and  is  equal  to  or  lower 
than  60%,  the  indicating  hand  1330  is  stopped  at  a  po- 
sition  of  10  seconds.  In  the  case  of  a  voltage  in  corre- 
spondence  with  a  section  in  which  the  stored  power  ex- 
ceeds  0%  and  is  equal  to  or  lower  than  20%,  the  indi- 
cating  hand  1330  is  stopped  at  a  position  of  0  second. 
In  this  case,  the  stop  position  of  the  indicating  hand  1  330 
is  a  position  in  which  the  position  of  the  reference  sec- 
ond  (0  second)  is  the  reference. 
[0083]  Next,  an  explanation  will  be  given  of  the  stop 
position  of  the  indicating  hand  1330  with  reference  to 
Figs.  17A-E.  Fig.  17A  shows  a  state  immediately  after 
the  counting  circuit  1211  starts  the  counting  operation 
and  outputs  the  counting  completion  signal  to  the  indi- 
cating  hand  position  controlling  circuit  1212  after  elapse 
of  3  minutes  which  is  a  predetermined  value.  Fig.  17B 
shows  a  state  in  which  a  second  hand  5301  is  stopped 
at  the  position  of  30  seconds  in  the  case  in  correspond- 
ence  with  the  section  where  the  stored  power  of  the  stor- 
age  mechanism  103  exceeds  80%  and  is  equal  to  or 
lower  than  100%.  Fig.  17C  shows  a  state  in  which  the 
second  hand  5301  is  stopped  at  a  position  of  20  seconds 
in  the  case  in  correspondence  with  the  section  where 
the  stored  power  of  the  storage  mechanism  103  ex- 
ceeds  60%  and  is  equal  to  or  lower  than  80%.  Fig.  17D 
shows  a  state  in  which  the  second  hand  5301  is  stopped 
at  a  position  of  1  0  second  in  the  case  in  correspondence 
with  the  section  where  the  stored  power  of  the  storage 
mechanism  103  exceeds  20%  and  is  equal  to  or  lower 
than  60%.  Fig.  17E  shows  a  state  in  which  the  second 
hand  5301  is  stopped  at  a  position  of  0  second  in  the 
case  in  correspondence  with  the  section  where  the 
stored  power  of  the  storage  mechanism  103  exceeds 
0%  and  is  equal  to  or  lower  than  20%. 
[0084]  Other  than  these,  as  a  stop  position  of  the  in- 
dicating  hand  1330,  a  position  of  moving  the  indicating 
hand  1330  at  a  time  point  where  3  minutes  which  is  a 
predetermined  value  have  elapsed  after  the  counting 
circuit  1211  started  counting  operation,  or  a  position  of 
the  reference  second  (0  second)  or  the  like  is  conceiv- 
able. 
[0085]  In  this  way,  the  first  motor  1108  can  inform  a 
state  of  the  stored  power  of  the  storage  mechanism  1  03 
to  a  user  by  moving  the  indicating  hand  1330  and  dis- 
playing  the  state  of  the  stored  power  of  the  storage 
mechanism  1  03  although  display  of  second  time  by  the 
indicating  hand  1330  is  interrupted  and  the  second  mo- 
tor  1109  can  inform  time  different  from  second  time  by 
moving  the  indicating  hand  1  331  . 
[0086]  The  operation  of  displaying  the  state  of  the 
storage  power  of  the  storage  mechanism  1  03  by  the  in- 
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dicating  hand  1  330  is  repeated  at  intervals  of,  for  exam- 
ple,  60  seconds  until  the  boosted  power  boosted  by  the 
booster  circuit  302  becomes  equal  to  or  higher  than  0.  1 
V. 
[0087]  An  explanation  will  be  given  of  another  embod- 
iment  of  the  present  invention  with  reference  again  to 
the  block  diagram  of  Fig.  15.  The  same  numerals  are 
used  for  portions  the  same  as  those  in  the  block  diagram 
of  the  above-described  embodiment  and  a  explanation 
thereof  will  be  omitted. 
[0088]  According  to  the  embodiment,  the  counting  op- 
eration  which  has  been  stopped  after  elapse  of  3  min- 
utes  which  a  predetermined  value  after  the  counting  cir- 
cuit  1211  started  the  counting  operation  in  the  above- 
described  embodiment,  is  continued  and  after  elapse  of 
72  hours  which  is  a  second  predetermined  value  of  the 
counting  circuit  1211,  the  counting  circuit  1211  outputs 
a  second  count  completion  signal  to  the  indicating  hand 
position  controlling  circuit  1212. 
[0089]  The  indicating  hand  position  controlling  circuit 
1212  outputs  an  indicating  hand  stop  position  signal  for 
stopping  the  indicating  hand  1331  at  a  predetermined 
position  to  the  motor  drive  controlling  circuit  1106  by  the 
second  count  completion  signal  output  from  the  count- 
ing  circuit  1211.  The  indicating  hand  stopping  position 
is  preferably  a  position  which  is  recognisable  as  easily 
as  possible  since  it  informs  a  user  that  no  power  is  gen- 
erated  from  the  thermoelectric  element  101  for  a  long 
period  of  time.  For  example,  a  position  of  reference  hour 
and  reference  minute  (position  of  12  o'clock)  is  prefer- 
able. 
[0090]  The  motor  drive  controlling  circuit  1106  moves 
the  indicating  hand  1331  and  stops  it  at  the  position  of 
reference  hour  and  reference  minute  (position  of  12 
o'clock)  via  the  motor  driving  circuit  1107,  the  second 
motor  1109  connected  to  the  motor  driving  circuit  1107 
and  a  wheel  train  (not  illustrated)  connected  to  the  sec- 
ond  motor  1  1  09  by  the  indicating  hand  stop  position  sig- 
nal  output  from  the  indicating  hand  position  controlling 
circuit  1212.  In  this  case,  the  indicating  hand  1331  is 
constituted  by  the  hour  hand  and  the  minute  hand 
moved  by  a  wheel  train  (not  illustrated)  connected  to  the 
second  motor. 
[0091]  An  explanation  will  be  given  of  the  stop  position 
of  the  indicating  hand  1331  with  reference  to  Figs.  18A 
&  B.  The  same  numerals  are  used  for  portions  the  same 
as  those  in  Figs.  17A-E.  Fig.  1  8A  shows  a  state  imme- 
diately  after  72  hours  which  is  the  second  predeter- 
mined  value  have  elapsed  after  the  counting  circuit  1211 
started  the  counting  operation.  In  this  example,  8  o'clock 
and  50  minutes  is  shown  by  a  minute  hand  5402  and  an 
hour  hand  5403  and  indicates  that  the  stored  power  of 
the  storing  means  1  03  falls  in  a  range  of  exceeding  60% 
and  being  equal  to  or  lower  than  80%  by  the  second 
hand  5401  .  Figs.  1  8B  shows  a  state  in  which  the  minute 
hand  5402  and  the  hour  hand  5403  are  respectively 
stopped  at  the  position  of  reference  hour  and  reference 
minute  (position  of  1  2  o'clock).  Thereby,  the  user  can  be 

informed  of  the  fact  that  no  power  has  been  generated 
from  the  thermoelectric  element  101  for  a  long  period  of 
time. 
[0092]  Further,  when  a  calendar  is  provided,  driving 

5  of  the  calendar  may  not  be  interrupted  after  interrupting 
to  drive  the  second  motor  1109. 
[0093]  In  this  way,  successive  to  the  above-described 
embodiment,  by  interrupting  the  drive  operation  of  the 
second  motor  1  1  09  for  driving  the  indicating  hand  1  331  , 

10  consumption  of  stored  power  of  the  storage  mechanism 
103  can  further  be  restrained. 
[0094]  An  explanation  will  be  given  of  another  embod- 
iment  of  the  present  invention  with  reference  to  the  block 
diagram  of  Fig.  1  9.  The  same  numerals  are  used  for  por- 

15  tions  which  are  the  same  as  those  in  the  block  diagram 
of  the  above-described  embodiment  and  an  explanation 
thereof  will  be  omitted. 
[0095]  According  to  the  above-described  embodi- 
ment,  after  elapse  of  72  hours  which  is  the  second  pre- 

20  determined  value  of  the  counting  circuit  1211  ,  the  hour 
hand  and  the  minute  hand  of  the  moving  indicating  hand 
1331  are  stopped  at  predetermined  positions  via  the 
second  motor  1109  and  a  wheel  train  (not  illustrated) 
connected  to  the  second  motor  1109  and  time  display 

25  is  stopped. 
[0096]  According  to  this  embodiment,  there  is  provid- 
ed  a  constitution  in  which  the  hour  hand  and  the  minute 
hand  of  the  indicating  hand  1331  which  are  moved  via 
the  second  motor  1  1  09  and  a  wheel  train  (not  illustrated) 

30  connected  to  the  second  motor  1109  of  the  above-de- 
scribed  embodiment  are  individually  operated  and  the 
indicating  hand  1  331  constituting  the  hour  hand  as  well 
as  the  second  motor  constituting  the  drive  source  of  the 
indicating  hand  1331  and  an  indicating  hand  1332  con- 

35  stituting  the  minute  hand  and  a  third  motor  1  321  consti- 
tuting  the  drive  source  of  the  indicating  hand  1332,  are 
provided.  The  counting  circuit  1211  outputs  the  second 
count  completion  signal  to  the  indicating  hand  position 
controlling  circuit  1212  after  elapse  of  72  hours  which  is 

40  the  second  predetermined  value. 
[0097]  The  indicating  hand  position  controlling  circuit 
1212  outputs  an  indicating  hand  coincidence  signal  to 
the  motor  drive  controlling  circuit  1  1  06  to  overlap  the  in- 
dicating  hand  1332  on  the  indicating  hand  1331  in  ac- 

45  cordance  with  the  second  count  completion  signal  out- 
put  from  the  counting  circuit  1211. 
[0098]  The  motor  drive  controlling  circuit  1106  drives 
the  motor  driving  circuit  1107  and  the  third  motor  1321 
connected  to  the  motor  driving  circuit  1107  to  overlap 

so  the  indicating  hand  1  332  on  the  indicating  hand  1  331  by 
the  indicating  hand  coincidence  signal  output  from  the 
indicating  hand  position  controlling  circuit  1212  and 
moves  the  indicating  hand  1332  by  a  wheel  train  (not 
illustrated)  connected  to  the  third  motor  1  321  and  over- 

55  laps  it  on  the  indicating  hand  1  331  .  Thereafter,  the  indi- 
cating  hand  1  332  carries  out  time  display  by  moving  the 
hand  in  accordance  with  intervals  of  moving  the  indicat- 
ing  hand  1331. 

10 
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[0099]  In  this  case,  in  the  case  of  a  timepiece  in  which 
the  indicating  hand  1331  and  the  indicating  hand  1332 
rotate  concentrically  to  display  time,  when  1  2  hours  are 
required  for  the  indicating  hand  1331  constituting  the 
hour  hand  and  1  hour  is  required  for  the  indicating  hand 
1332  constituting  the  minute  hand  to  make  one  turn  on 
the  concentric  circle,  numbers  of  moving  hands  neces- 
sary  for  carrying  out  time  display,  supposedly,  for  12 
hours,  are  as  follows.  When  the  indicating  hand  1332 
constituting  the  minute  hand  is  moved  at  intervals  of  10 
seconds,  it  needs  to  move  by  4320  times.  When  the  in- 
dicating  hand  1  331  constituting  the  hour  hand  is  moved 
at  intervals  of  120  seconds,  it  needs  to  move  by  360 
times.  The  numbers  of  moving  the  hands  in  the  case  in 
which  the  indicating  hand  1  331  and  the  indicating  hand 
1332  carry  out  time  display  of  hour  and  minute  of  12 
hours,  amount  to  4680  times.  Numbers  of  moving  hands 
in  the  case  in  which  time  display  of  hour  is  carried  out 
by  overlapping  the  indicating  hand  1332  on  the  indicat- 
ing  hand  1  331  to  thereby  constitute  a  one  hand  display, 
is  720  times.  Accordingly,  a  ratio  of  720/4680  is  consti- 
tuted  in  contrast  to  the  time  display  of  hour  and  minute 
by  the  indicating  hand  1332  and  the  indicating  hand 
1331  and  simple  time  display  can  be  carried  out  by  a 
number  of  moving  hands  of  1/6.5. 
[0100]  An  explanation  will  be  given  of  a  display  exam- 
ple  in  the  case  in  which  the  indicating  hand  1331  con- 
stituting  the  hour  hand  and  the  indicating  hand  1332 
constituting  the  minute  hand  are  overlapped  to  thereby 
display  the  one  hand  display  with  reference  to  Figs.  20A 
&  B.  The  same  numerals  are  used  for  portions  which  are 
the  same  as  those  in  Figs.  17  and  18.  Fig.  20A  shows 
a  state  immediately  after  72  hours  which  is  the  second 
predetermined  value  have  elapsed  after  the  counting 
circuit  1211  started  the  counting  operation.  In  this  ex- 
ample,  8  o'clock  and  50  minutes  is  indicated  by  the 
minute  hand  5502  and  the  hour  hand  5503  and  the  sec- 
ond  hand  5501  indicates  that  the  stored  power  of  the 
storing  means  103  falls  in  the  range  exceeding  60  % 
and  being  equal  to  or  lower  than  80%.  Fig.  20B  shows 
a  state  in  which  time  the  same  as  that  in  Fig.  20A  is 
displayed  by  overlapping  the  minute  hand  5502  and  the 
hour  hand  5503. 
[0101]  In  this  way,  the  one  hand  display  is  constituted 
by  overlapping  the  indicating  hand  1  331  and  the  indicat- 
ing  hand  1  332,  the  number  of  moving  the  hands  for  time 
display  can  be  reduced  and  while  informing  simplified 
time  to  a  user,  consumption  of  the  stored  power  of  the 
storage  mechanism  103  can  further  be  restrained. 
[0102]  Further,  although  a  wheel  train  for  transmitting 
drive  force  of  a  motor  to  an  indicating  hand  is  not  illus- 
trated  in  the  respective  block  diagrams,  when  the  torque 
of  each  motor  is  large  and  the  indicating  hand  can  be 
moved  without  the  wheel  train,  the  wheel  train  is  not 
needed. 
[0103]  Finally,  an  explanation  will  be  given  of  an  ob- 
ject  which  the  power  monitoring  circuit  according  to  the 
present  invention  monitors.  The  output  voltage  of  the 

thermoelectric  element  can  also  be  compared  directly 
with  a  reference  voltage.  This  case  is  featured  in  that  a 
post  stage  circuit  of  the  booster  circuit  or  the  like  needs 
not  operate  and  the  response  from  start  of  power  gen- 

5  eration  to  detection  is  fast.  Further,  output  current  of  the 
thermoelectric  element  can  also  be  detected  by  moni- 
toring  the  voltage  across  both  terminals  of  a  transistor 
switch  for  transmitting  the  output  from  the  thermoelectric 
element  to  the  booster  circuit  at  a  post  stage.  In  this 

10  case,  transmission  of  power  of  the  thermoelectric  output 
to  the  post  stage  can  be  confirmed. 
[01  04]  Further,  the  output  voltage  from  the  booster  cir- 
cuit  for  boosting  the  output  from  the  thermoelectric  ele- 
ment  can  also  be  monitored.  In  this  case,  detection  is 

is  facilitated  since  the  voltage  of  the  boosted  output  is  high, 
further,  similar  to  detection  of  the  output  current  from  the 
thermoelectric  element,  transmission  of  current  of  the 
boosted  output  to  the  storage  mechanism  or  the  time- 
piece  unit  can  be  confirmed  by  the  voltage  across  both 

20  terminals  of  a  transistor  switch  transmitting  the  output 
from  the  booster  circuit  to  the  post  stage. 
[0105]  Further,  an  amount  of  stored  energy  can  also 
be  confirmed  by  monitoring  the  voltage  of  the  storage 
mechanism  or  an  operational  situation  of  the  timepiece 

25  unit  can  also  be  confirmed  by  monitoring  the  power 
source  voltage  of  the  timepiece  unit  or  combinations  of 
monitoring  operation  of  the  above-described  respective 
portions  can  also  be  used. 
[0106]  By  using  the  electronic  timepiece  having  a 

30  thermoelectric  element  according  to  the  present  inven- 
tion,  a  time  period  for  recovering  the  function  of  the  ther- 
moelectric  element  after  power  generation  is  restarted 
caused  by  excessive  drop  of  voltage  of  the  storage 
mechanism  for  maintaining  power  generated  by  the 

35  thermoelectric  element,  can  be  maintained  at  a  mini- 
mum. 
[0107]  Further,  according  to  the  constitution  in  which 
a  portion  of  the  function  is  stopped  from  operating  while 
holding  time  information,  consumed  current  can  be  re- 

40  duced  and  a  time  period  for  maintaining  the  function  of 
measuring  time  can  be  prolonged. 
[0108]  Further,  according  to  the  constitution  in  which 
the  situation  of  power  generation  and  the  situation  of 
stored  energy  are  informed  to  a  user,  the  user  can  rec- 

45  ognise  a  deficiency  in  energy  before  the  function  of  the 
timepiece  is  stopped  and  can  carry  out  replenishment 
of  energy  at  an  early  stage. 
[0109]  By  these  effects,  the  way  of  using  a  thermally 
power  generating  timepiece  with  no  need  of  interchang- 

50  ing  a  battery  is  extremely  improved  and  maintenance  in 
normal  use  is  dispensed  with. 
[0110]  Further,  when  several  minutes  have  elapsed  in 
a  state  in  which  the  thermoelectric  element  does  not 
generate  power,  the  indicating  hands  stop  time  display 

55  and  display  a  state  of  stored  energy  of  the  storage 
mechanism  by  which  the  user  can  be  informed  of  the 
fact  that  no  power  is  generated  from  the  thermoelectric 
element  and  the  situation  of  the  stored  energy  of  the 
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storage  mechanism.  Further,  an  amount  of  consumption 
of  stored  energy  of  the  storage  mechanism  can  signifi- 
cantly  be  reduced  and  the  thermoelectric  element  can 
be  expedited  to  generate  power  such  that  power  is  gen- 
erated  at  an  early  stage. 
[0111]  Further,  the  indicating  hands  except  the  indi- 
cating  hand  for  displaying  the  state  of  the  stored  energy 
of  the  storage  mechanism,  continue  the  state  of  moving 
the  hands  and  carry  out  time  display.  Accordingly,  the 
user  can  confirm  the  state  of  the  stored  energy  of  the 
storage  mechanism  and  time  at  the  same  time  and  new 
operation  for  informing  the  state  of  the  stored  energy  of 
the  storage  mechanism  need  not  be  carried  out. 
[0112]  Further,  when  a  state  in  which  no  power  is  gen- 
erated  by  the  thermoelectric  element  for  a  long  period 
of  time  is  continued,  by  carrying  out  time  display  by  over- 
lapping  the  indicating  hands  for  time  display  which  are 
different  from  the  second  hand,  the  number  of  times  of 
moving  the  indicating  hands  is  reduced,  the  amount  of 
stored  energy  of  the  storage  mechanism  consumed  is 
reduced  and  a  time  period  until  the  indicating  hands  are 
stopped  can  be  prolonged. 
[0113]  Further,  when  power  generation  is  restarted  in 
the  thermoelectric  element  after  the  stage  in  which  no 
power  is  generated  from  the  thermoelectric  element  has 
continued  and  the  indicating  hands  have  stopped,  by  re- 
covering  the  indicating  hands  to  positions  at  the  current 
time,  the  user  need  not  correct  the  time. 

Claims 

1.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 
monitoring  circuit  for  monitoring  the  situation  of  at 
least  either  one  of  a  generated  power  and  a  stored 
energy,  an  oscillating  circuit,  a  frequency  dividing 
circuit,  a  display  drive  controlling  circuit,  a  display 
driving  circuit  and  a  display  unit  having  hands, 
wherein  the  display  drive  controlling  circuit  is  ar- 
ranged  to  stop  operation  of  the  display  driving  circuit 
when  the  power  monitoring  circuit  detects  low  gen- 
erated  power  and/or  low  stored  energy. 

2.  The  electronic  timepiece  according  to  Claim  1  ,  fur- 
ther  comprising  a  time  correction  controlling  circuit, 
wherein  the  display  drive  controlling  circuit  stops 
the  operation  of  the  display  driving  circuit  when  the 
power  monitoring  circuit  detects  low  generated 
power  or  low  stored  energy  and  when  the  power 
monitoring  circuit  detects  recovery  of  the  generated 
power  or  recovery  of  the  stored  energy,  the  display 
drive  controlling  circuit  restarts  the  operation  of  the 
display  driving  circuit,  carries  out  display  drive  dif- 
ferent  from  normal  display  drive  for  the  time  correc- 

tion  controlling  circuit  to  correct  a  deviation  in  time 
display,  corrects  the  time  display  and  thereafter  re- 
turns  to  normal  drive  operation. 

5  3.  An  electric  timepiece  comprising  a  thermoelectric 
element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 

10  monitoring  circuit  for  monitoring  at  least  either  one 
of  the  generated  power  and  the  stored  energy,  an 
oscillating  circuit,  a  time  information  calculating  cir- 
cuit,  a  display  drive  controlling  circuit,  a  display  driv- 
ing  circuit  and  a  digital  display  unit,  wherein  the  dis- 

15  play  drive  controlling  circuit  is  arranged  to  stop  op- 
eration  of  the  display  driving  circuit  when  the  power 
monitoring  circuit  detects  low  generated  power  or 
low  stored  energy. 

20  4.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 

25  monitoring  circuit  for  monitoring  the  situation  of  at 
least  either  one  of  generated  power  and  stored  en- 
ergy,  an  operation  stopping  circuit,  an  oscillating  cir- 
cuit,  a  frequency  dividing  circuit,  a  display  dividing 
circuit  and  a  display  unit  by  hands,  wherein  the  op- 

30  eration  stopping  circuit  is  arranged  to  stop  operation 
of  the  oscillating  circuit  or  the  frequency  dividing  cir- 
cuit  when  the  power  monitoring  circuit  detects  low 
generated  power  or  low  stored  energy. 

35  5.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 

40  monitoring  circuit  for  monitoring  the  situation  of  at 
least  either  one  of  generated  power  and  stored  en- 
ergy,  an  operation  stopping  circuit,  an  oscillating  cir- 
cuit,  a  time  information  calculating  circuit,  a  display 
driving  circuit  and  a  digital  display  unit,  wherein  the 

45  operation  stopping  circuit  is  arranged  to  stop  oper- 
ation  of  the  oscillating  circuit  or  the  time  information 
calculating  circuit  when  the  power  monitoring  circuit 
detects  low  generated  power  or  low  stored  energy. 

so  6.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 

55  monitoring  circuit  for  monitoring  the  situation  of  at 
least  either  one  of  generated  power  and  stored  en- 
ergy,  an  oscillating  circuit,  a  frequency  dividing  cir- 
cuit,  a  motor  drive  controlling  circuit,  a  motor  driving 

12 
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circuit,  a  plurality  of  motors  and  a  display  unit  oper- 
ated  by  a  wheel  train  connected  to  the  motors  and 
hands,  wherein  the  motor  drive  controlling  circuit  is 
arranged  to  stop  at  least  one  motor  in  the  plurality 
of  motors  when  the  power  monitoring  circuit  detects  s 
low  generated  power  or  low  stored  energy. 

7.  The  electronic  timepiece  according  to  Claim  6, 
wherein  one  of  the  plurality  of  motors  is  a  motor  for 
moving  a  second  hand  and  the  motor  driving  con-  10 
trolling  circuit  is  arranged  to  stop  the  motor  for  mov- 
ing  the  second  hand  when  the  power  monitoring  cir- 
cuit  detects  low  generated  power  or  low  stored  pow- 
er. 

15 
8.  The  electronic  timepiece  according  to  Claim  7,  fur- 

ther  comprising  a  second  hand  position  controlling 
circuit,  wherein  when  the  power  monitoring  circuit 
detects  low  generated  power  or  low  stored  energy, 
the  second  hand  position  controlling  circuit  and  the  20 
motor  drive  controlling  circuit  are  arranged  to  con- 
tinue  normal  operation  until  the  second  hand  is  dis- 
posed  at  a  specified  position  and  to  stop  the  motor 
for  the  second  hand  when  the  second  hand  is  dis- 
posed  at  the  specified  position.  25 

9.  The  electronic  timepiece  according  to  Claim  8, 
wherein  the  timepiece  is  arranged  such  that  a  plu- 
rality  of  the  specified  positions  for  stopping  the  sec- 
ond  hand  by  combination  of  situations  of  low  gen-  30 
erated  power  and  low  stored  energy  detected  by  the 
power  monitoring  circuit  are  provided  to  be  able  to 
confirm  situations  of  power  generation  and  stored 
power  by  the  positions  of  stopping  the  second  hand. 

35 
10.  The  electronic  timepiece  according  to  any  one  of 

Claim  1  through  Claim  9,  wherein  low  generated 
power  is  detected  by  monitoring  an  output  voltage 
or  current  of  the  thermoelectric  element. 

40 
11.  The  electronic  timepiece  according  to  any  one  of 

Claim  1  through  Claim  9,  wherein  low  generated 
power  is  detected  by  monitoring  an  output  voltage 
or  current  of  the  booster  circuit. 

45 
12.  The  electronic  timepiece  according  to  any  one  of 

Claim  1  through  Claim  9,  wherein  low  stored  energy 
is  detected  by  monitoring  a  voltage  of  the  storage 
mechanism. 

50 
13.  An  electronic  timepiece  comprising  a  thermoelec- 

tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power  55 
monitoring  circuit  for  monitoring  a  generated  output 
of  the  thermoelectric  element  or  an  output  from  the 
booster  circuit,  a  counting  circuit  for  measuring  a 

time  period  from  when  the  output  from  the  thermo- 
electric  element  or  the  output  from  the  booster  cir- 
cuit  becomes  low,  an  operation  stopping  circuit,  an 
oscillating  circuit,  a  frequency  dividing  circuit/a  time 
information  calculating  circuit,  a  display  driving  cir- 
cuit  and  a  display  unit,  wherein  when  the  power 
monitoring  circuit  detects  low  output  from  the  ther- 
moelectric  element  or  the  booster  circuit,  the  count- 
ing  circuit  is  started  and  when  the  low  output  con- 
tinues  for  a  constant  time  period  or  more,  the  oper- 
ation  stopping  circuit  stops  the  oscillating  circuit  or 
the  frequency  dividing  circuit/the  time  information 
calculating  circuit  or  the  display  driving  circuit. 

14.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  storage  mechanism  for  storing  power 
produced  by  boosting  an  electromotive  force  of  the 
thermoelectric  element  or  an  output  from  the  ther- 
moelectric  element  by  a  booster  circuit,  a  power 
monitoring  circuit  for  monitoring  generated  power 
from  the  thermoelectric  element  or  an  output  from 
the  booster  circuit,  a  counting  circuit,  an  operation 
stopping  circuit,  an  oscillating  circuit,  a  frequency 
dividing  circuit/atime  information  calculating  circuit, 
a  frequency  division  resetting  mechanism,  a  display 
driving  circuit  and  a  display  unit,  wherein  in  a  situ- 
ation  in  which  the  power  monitoring  circuit  detects 
a  low  output  from  the  thermoelectric  element  or  the 
booster  circuit  and  the  frequency  division  resetting 
mechanism  is  operated,  the  counting  circuit  is  start- 
ed  and  when  the  situation  continues  for  a  reference 
time  period  or  more,  the  operation  stopping  circuit 
stops  the  oscillating  circuit  or  the  frequency  dividing 
circuit/the  time  information  calculating  circuit  or  the 
display  driving  circuit. 

15.  An  electronic  timepiece  comprising  a  thermoelec- 
tric  element,  a  booster  circuit  for  boosting  an  elec- 
tromotive  force  of  the  thermoelectric  element  or  an 
output  from  the  thermoelectric  element,  a  storage 
mechanism  for  storing  a  boosted  power  boosted  by 
the  booster  circuit,  a  power  monitoring  circuit  for 
monitoring  the  situation  of  stored  energy  stored  in 
the  storage  mechanism,  a  voltage  detecting  circuit 
for  detecting  an  output  voltage  of  the  booster  circuit, 
a  counting  circuit  for  starting  a  counting  operation 
by  detecting  a  low  of  the  output  from  the  booster 
circuit  by  the  voltage  detecting  circuit,  an  indicator 
position  controlling  circuit  for  setting  a  position  of 
stopping  an  indicating  hand  among  a  plurality  of  in- 
dicating  hands  from  an  output  from  the  power  mon- 
itoring  circuit,  a  motor  drive  controlling  circuit  for 
driving  the  indicator  to  the  position  of  stopping  the 
indicator  by  an  output  from  the  indicating  hand  po- 
sition  controlling  circuit,  an  oscillating  circuit,  a  fre- 
quency  dividing  circuit,  a  motor  driving  circuit  and  a 
plurality  of  motors,  wherein  in  a  case  in  which  when 
the  voltage  detecting  circuit  detects  a  low  output 

13 
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voltage  from  the  booster  circuit,  the  counting  circuit 
is  started  and  continues  to  operate  for  a  specified 
time  period  or  more,  the  indicating  hand  position 
controlling  circuit  sets  the  position  of  stopping  the 
indicating  hand  and  one  indicating  hand  among  the  s 
plurality  of  indicating  hands  carries  out  a  display  dif- 
ferent  from  time  display  via  the  motor  drive  control- 
ling  circuit,  the  motor  driving  circuit  and  at  least  one 
motor  among  the  plurality  of  motors. 

10 
16.  The  electronic  timepiece  according  to  Claim  15, 

wherein  one  of  the  plurality  of  indicating  hands  is  a 
second  hand. 

17.  The  electronic  timepiece  according  to  Claim  16,  15 
wherein  the  power  monitoring  circuit  includes  a  plu- 
rality  of  threshold  values  for  detecting  the  stored  en- 
ergy  of  the  storage  mechanism  and  the  indicating 
hand  position  controlling  circuit  includes  a  plurality 
of  indicating  hand  stopping  positions  in  correspond-  20 
ence  with  the  plurality  of  threshold  values  and  the 
plurality  of  indicating  hand  stopping  positions  dis- 
play  states  of  the  stored  energy  of  the  storage 
mechanism. 

25 
18.  The  electronic  timepiece  according  to  Claim  17, 

wherein  an  indicating  hand  different  from  the  sec- 
ond  hand  among  the  plurality  of  indicating  hands 
continues  the  time  display. 

30 
19.  The  electronic  timepiece  according  to  Claim  15, 

wherein  the  indicating  hand  position  controlling  cir- 
cuit  stops  at  least  one  or  more  of  the  indicating 
hands  different  from  the  second  hand  among  the 
plurality  of  indicating  hands  after  elapse  of  a  time  35 
period  different  from  the  specified  time  period 
counted  by  the  counting  circuit. 

20.  The  electronic  timepiece  according  to  Claim  15, 
wherein  the  indicating  hand  position  controlling  cir-  40 
cuit  makes  at  least  one  or  more  of  the  indicating 
hands  among  the  plurality  of  indicating  hands  over- 
lap  to  carry  out  the  time  display  after  elapse  of  a 
time  period  different  from  the  specified  time  period 
counted  by  the  counting  circuit.  45 

21.  An  electronic  timepiece  as  claimed  in  any  preceding 
claim,  wherein  the  thermoelectric  element  and/or 
the  boosting  circuit  are  not  present. 

50 
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